We describe the cloning of HOXD1 in human unfertilised oocytes and detailed expression analyses during mouse oogenesis and embryogenesis. The cDNA of 1991 bp has an open reading frame of 987 bp encoding a protein of 329 amino acids. A comparison of the amino acid sequence with the mouse homologue revealed an overall homology of 85.5% with 99% identity within the homeodomain. Expression was detected in unfertilised human oocytes and 2-, 4-, 8-cell and blastocyst stage embryos. Expression analyses in mature mouse ovaries, early embryos and isolated gut revealed expression in the oocytes of the primary and secondary ovarian follicles, and in embryonal mesodermal derivatives such as dermatomes, urogenital tubercle, tail bud, kidney, ovaries, testes and enteric mesoderm adjacent to the caecum where expression was up-regulated in vitro in response to increasing doses of retinoic acid. Our observations indicate a possible role for HOXD1/Hoxd1 in the ovarian oocytes and the establishment of mesodermal derivatives during embryogenesis. q
Results and discussion
Members of the HOX A-D clusters are known to be expressed in human unfertilised oocytes and preimplantation embryos (Adjaye and Monk, 2000) but their function at these early stages of development is unknown. As a first step in elucidating the functional role of HOXD1 in human unfertilised oocytes and preimplantation embryos, a full length cDNA of 1991 bp was isolated from an unfertilised oocyte library (Adjaye et al., 1999) as described in Section 2.1. The transcript encodes a protein of 329 amino acids (Fig. 1a) and database information defined the chromosomal localisation as 2q31.
HOXD1 expression was detected by PCR ( Fig. 1b) in human cDNA libraries, previously prepared from unfertilised oocytes and single 2-, 4-, 8-cell, blastocyst stage embryos and whole fetuses (Adjaye et al., 1999) . This implies the presence of both maternal and embryonic transcripts. For a more detailed localisation of expression during oogenesis and embryogenesis, in situ hybridisation was carried out in the mouse to overcome the limited availability of such material in the human. Comparative non-isotopic in situ hybridisation of Hoxd1 and Figa , a transcription factor implicated in the transcriptional regulation of the zona pellucida genes Zp1, Zp2, and Zp3 (Liang et al., 1997) to sectioned ovaries demonstrated expression of both genes in the oocytes of the primary and secondary ovarian follicles ( Fig. 2a-f) (Liang et al., 1997) .
During embryogenesis, Hoxd1 expression was observed in the caudal lateral mesoderm at E8.5 ( Fig. 3a-d) . Between E9.5 and E11.5, expression appeared in dermatomes, urogenital tubercle and tail bud while no expression was detected in the developing hindbrain (Hunt et al., 1991; Frohman and Martin, 1992) (Fig. 3e-i) . At E12.5-E14.5, transcripts were detected rostrally in the primordia of facial muscles, whiskers pad and the forebrain (Fig. 3j-l) (Wolf et al., 2001 ) whereas caudally, expression was found in the developing ovaries, testes, kidney and the gut (Fig. 3m-w) . At E11.5-E14.5, Hoxd1 expression was noted in the gut endoderm and mesoderm adjacent to the caecum (Fig.  3t-w (Zakany and Duboule, 1999) which coincides with the reported expression of other genes from the Hoxd cluster (Zakany and Duboule, 1999; Pitera et al., 1999) . As Hoxa1 and Hoxb1 (Dupe et al., 1997; Huang et al., 1998) exhibit retinoid-dependent expression in the foregut where retinoic acid (RA) receptor RARb is specifically expressed (Dolle et al., 1990) , we decided to examine Hoxd1 enteric responsiveness to exogenous RA. E11.5 gut explants were treated in vitro with increasing doses of RA which revealed a dosedependent increase in Hoxd1 expression in the whole caecum ( Fig. 3x-z) .
Materials and methods

Cloning of HOXD1/Hoxd1 and Figa .
The human cDNA was originally isolated as a 166 bp fragment consisting of the homeodomain (Adjaye and Monk, 2000) . Extension of this clone towards the 5 0 -and 3 0 -ends employed rapid amplification of cDNA ends protocols using a human unfertilised oocyte cDNA library as template (Frohman et al., 1988; Adjaye et al., 1999) . PCR amplifications of HOXD1 and HPRT were carried out in a total volume of 25 ml consisting of 1 £ PCR buffer, 1 U Amplitaq DNA polymerase (Perkin Elmer, UK), 200 mM of each dNTP (Pharmacia, UK), 25 pmol of each primer and 10 ng of cDNA library sample. Cycling parameters consisted of an initial denaturation step at 958C for 5 min followed by 30 cycles of denaturation at 958C for 1 min, annealing at 608C for 1 min, elongation at 728C for 1 min, then a final elongation at 728C for 10 min. Second round of amplification was carried out using hemi-nested primers by diluting 1 ml of the first round product into 24 ml of a new reaction mixture prepared as previously described. The first round of HOXD1 primers consist of sense (5 0 -GCTCCC-
and the hemi-nested antisense primer (5 0 -CACGAAGGCTCTTGGGAC-3 0 ). The HPRT primers (Gibbs et al., 1989) were sense (5 0 -AATTATGGA-
For the cloning of mouse Hoxd1 and Figa , total RNA was isolated from E14 ovaries. cDNA synthesis was carried out using an oligo-dT primer and Superscript II reverse transcriptase (Gibco, BRL). The mouse Hoxd1 cDNA (489 bp) was derived from the 3 0 -UTR using forward primer (5 0 -GGACCTTGGGTCTACA-3 0 ) and man and Martin, 1992 (Liang et al., 1997) . Both fragments were subcloned into PGEM-TEasy (Promega, UK) and verified by sequencing.
In situ hybridisation and in vitro gut culture
Pregnant CD1 mice (Charles River, England) were sacrificed by spinal dislocation. Embryos (E8.5-E14.5), Identical residues between the two sequences are marked by vertical bars and similar residues by dots. Gaps have been introduced to optimise alignments. Both proteins share an overall homology of 85.5% with 99% identity within the homeodomain (underlined). The consensus sequence -YPWM, upstream of the homeodomain in a subset of Hox proteins required for stabilising Hox-Pbx complexes (Chang et al., 1995; Mann and Chan, 1996) is represented as 'FEWM' within the conserved hexapeptide (boldface). This motif is characteristic of the labial subfamily in both human and mouse. The variation within the consensus sequence (YPWM) suggests that the amino acids tryptophan (W) and methionine (M) are invariable and also that the sequences flanking this motif are crucial for Hox-Pbx interactions. The human sequence has been submitted to the EMBL/Genbank databases under accession number AF241528. The mouse sequence is under accession number X60034. (b) Expression of HOXD1 during human preimplantation development. 10 ng of cDNA from the oocyte (oc), 2-cell (2C), 4-cell (4C), 8-cell (8C), blastocyst (BL) and a 7.5-(7.5w) and 10-week old whole fetus (10w) library was used as template for polymerse chain reaction (PCR). HPRT expression was analysed as a control for cDNA concentration. The lane marked (2ve) shows blank for sample omitting cDNA. The reaction mixtures (10 ml) were resolved on a 3.0% agarose gel. The size of the PCR products are indicated to the left. dissected guts (E10.5-E14.5) and ovaries from 6-week old dams were collected into ice-cold diethyl pyrocarbonate (DEPC) treated phosphate-buffered saline (PBS), preserved in 4% paraformaldehyde, dehydrated through grades of methanol and stored at 2208C till required. The mouse Hoxd1 and Figa anti-sense and sense riboprobes were synthesised from the T7 and SP6 promoters, respectively. In situ hybridisation to whole embryos, gut primordia or paraffin embedded sectioned ovaries was performed according to Henrique et al. (1995) or Rugg et al. (1994) and Epifano et al. (1995) . Control hybridisation with sense probe and with omitted anti-sense probe or anti-Digoxigenin-alkaline phosphatase (anti-DIG-AP) conjugated antibody was performed for both genes (Fig. 2d) . Separate sets of embryonic guts were dissected from E11.5 embryos and cultured in chemically defined medium for 48 h in controlled conditions as described (Natarajan et al., 1999) . RA diluted in dimethylsulphoxide (DMSO) at concentrations of 10 25 and 10 27 M, were added overnight after 12 h. The next day the RA enriched medium was removed, explants washed in fresh medium and cultured for a further 12 h without RA. Hoxd1 expression in the developing, embryonic ovary (arrowhead in m) and testis (n) at E14.5. At this stage, the ovary can be recognised by the lack of testicular cords, which give the testis a characteristic stripped appearance (arrowhead in n). Note lack of expression in the mesonephric duct (star). 
